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PRINT CONTROL METHOD OF ELECTROPHOTOGRAPH 

AND 

IMAGE FORMATION APPARATUS USING THE METHOD 



BACKGROUND OF THE INVENTION 
r-l 1. Field of the Invention 

b 

g|i This invention relates to a print control method of 

S 5 

Sjj electrophotography for rendering an image visible using 

Cfi 

il\ coloring particles of toner, etc., of a printer, a facsimile, 

3 

□ a copier, etc., and a recording apparatus using the method and 

m 

p in particular to a print control method in a print process 

m 

Q consisting of charging, light exposure, developing, and 

FII 

transfer for forming a toner image on the surfaces of a 
photoconductor and recordpaper and an image formation apparatus 
using the method. 

2. Description of the Related Art 

As for the print control method of electrophotography, 
first a method in a related art will be discussed. An image 
formation apparatus using electrophotography includes a print 
process of rendering coloring particles visible on the surface 
of a record body as an image and a fixing process of fixing 
the coloring particle image rendered visible on the recordbody . 

In the charging step, the full surface of the 
photoconductor is once charged and subsequently in the light 
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exposure step, light is applied, thereby partially discharging . 
A potential contrast based on the charge area and the discharge 
area is formed on the surface of the photoconductor and is called 
an electrostatic latent image. In the developing step 
following the light exposure step, first the toner images of 
coloring particles are charged. As the toner charging method, 
\ a dual-component developing method using carrier beads or a 

Is a ? 

JjJ mono component developing method of charging by friction with 

\* a toner member, etc., is available. 

pi On the other hand, to render an electrostatic latent image 

r* visible, a method called bias developing is often used. In 

ru 

G) the bias developing, a bias voltage is applied to a developing 

m 

GJ roller for separating from the latent image potential formed 

ru 

on the surface of a photoconductor and the developer on the 
surface of the developing roller and moving to the surface of 
the photoconductor for forming an image. The above-mentioned 
charge potential or discharge potential maybe used as the latent 
image potential. Generally, the method of using the charge 
potential as the latent image potential is called normal 
developing method and the method of using the discharge potential 
is called inverse developing method. The charge potential or 
discharge potential, whichever is unused as the latent image 
potential, is called background potential. The bias voltage 
of the developing roller is set midway between the charge 
potential and the discharge potential, and the difference 
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between the bias voltage of the developing roller and the latent 
image potential is called developing potential difference. 
Likewise, the difference between the developing bias and the 
background potential is called background potential 
difference . 

In the image formation apparatus of electrophotography, 
toner is jetted from the developing unit to the photoconductor 
surface in response to the latent image potential on the 
photoconductor for forming an image, and the image density 
changes with the toner amount for developing. It is generally 
known that the amount of toner jetted from the developing unit 
is proportional to the magnitude of the developing electric 
field, the electric field in the developing portion between 
the photoconductor and the developing unit. This developing 
electric field is noticeably observed in the edge part of a 
solid latent image and a line latent image. Thus, potential 
Vr2 called middle potential is provided between the developing 
bias and the latent image potential for reducing the toner 
deposition amounts on the edge part of the solid latent image 
and the line latent image. Formation of the electrostatic 
latent image and toner image on the photoconductor surface has 
been described. 

Next, varying of the electrostatic latent image on the 
photoconductor surface with time will be discussed. When the 
photoconductor is degraded as the print amount grows, the charge 
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area potential (charge potential) lowers and it becomes hard 
to charge. On the other hand, the discharge area potential 
(discharge potential) rises and it becomes hard to discharge. 
Lowering the discharge performance is remarkable if an 
intermediate potential area with incomplete discharge with an 
insufficient exposure light amount given is provided. This 
p intermediate potential area mentioned here is often used for 

j?! the purpose of thickness prevention, etc., in an image area 

M 

\a where toner is too much developed with the strong peripheral 

{P 

jp effect of the electric field such as thin lines and dots. The 

= 

p described potential change acts in the direction of lowering 

m 

p the developing electric field to lessen the developing potential 

m 

□ difference. On the other hand, in addition to the 

ru 

characteristic, the thickness of the photosensitive layer of 
the photoconductor decreases due to wear as the print amount 
grows . The decrease in the film thickness acts in the direction 
of increasing the developing electric field. Which of the two 
mutually contradictory tendencies is superior varies from one 
printing apparatus to another. 

In any way, to keep the image quality constant over time, 
control needs to be performed for maintaining stable the 
potential of the latent image formed on the photoconductor and 
suppressing growing of the developing electric field because 
of decrease in the film thickness of the photoconductor. 
Generally, it is known that a potential sensor is used as means 
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for detecting the potential on the photoconductor surface to 
perform such potential and electric field stabilizing control . 
For example, a method described in JP-A-11-15214 can be named 
as an art in a related art concerning such a surface potential 
control method of a photoconductor. 

However, a potential sensor is placed between a light 
exposure unit and a developing device in the related art and 
thus it is necessary to provide an additional space for placing 
the potential sensor between the light exposure unit and the 
developing device. However, the distance between the light 
exposure point and the developing point is an area requiring 
strict design because of the light attenuation characteristic 
that the photoconductor has, and placing the potential sensor 
at such a position results in reception of every restriction. 
However, if the potential sensor is placed downstream in the 
photoconductor rotation direction from the developing device, 
it is impossible to measure the precise potential because of 
toner developing, namely, another problem arises. 

In the described related art, the developing potential 
and the background potential on the photoconductor surface are 
changed so as to make the developing electric field constant 
and thus the image quality becomes stable in thin lines and 
dots with the range covered by the peripheral effect of the 
electric field as the main image areas, for example. However, 
in a wide solid area (solid image) where parallel and peripheral 



electric fields mix, etc., if stability of the image quality 
because of the peripheral effect of the electric field of the 
periphery is provided, a problem of lowering the density arises 
in the portion developed by the parallel electric field of the 
center . 

SUMMARY OF THE INVENTION 
It is an object of the invention to provide a print control 
method of an electrophotograph and an image formation apparatus 
of an electrophotograph wherein a potential sensor is placed 
in a post-transfer area where the packing density is 
comparatively sparse and at the place, the potential on the 
photoconductor drum surface at the developing point can be 
detected. 

It is another object of the invention to provide a film 
thickness detection method of a photoconductor drum, fitted 
for an image formation apparatus wherein a potential sensor 
is placed in a post- transfer area. 

It is another object of the invention to provide a print 
control method for keeping the image quality stable as time 
goes by if the photoconductor drum film thickness is changed 
in an image formation apparatus of an electrophotograph wherein 
a potential sensor is placed in a post-transfer area. 

It is a further object of the invention to provide an 
image formation apparatus of an electrophotograph for printing 



a good image stably as time goes by wherein a potential sensor 
is placed in a post-transfer area. 

One feature of the invention is characterized by a print 
control method of an electrophotograph in an image formation 
apparatus comprising at least a photoconductor , a charger, a 
light exposure unit, and a developing device for forming a 
background area and an image area on the photoconductor using 
the charger and the light exposure unit and detecting the 
potential of the image area after transfer and controlling the 
developing electric field, thereby printing an 
electrophotograph, wherein when the potential is detected, the 
toner coveringpercentage of the image area on the photoconductor 
is lowered. 

Another feature of the invention is characterized by the 
fact that when the potential is detected, carrier fly suppression 
control is performed. 

Another feature of the invention is characterized by a 
print control method in an image formation apparatus of an 
electrophotograph comprising at least a photoconductor, a 
charger, a light exposure unit, and a developing device for 
forming a background area and an image area on the photoconductor 
using the charger and the light exposure unit and detecting 
the potential of the image area after transfer, wherein a middle 
potential is set between a latent image potential and a 
developing bias, and wherein the film thickness of the 
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photoconductor is detected and feedback control of the middle 
potential is performed so that the developing electric field 
becomes constant based on the detected film thickness. 

According to the invention, a potential sensor is placed 
in a post-transfer area and at the position, the potential on 
the photoconductor drum surface at the developing point is 
Pi detected. When the potential on the photoconductor drum 

B 

surface is detected, the developing bias is avoided at the 

M 

S| optimum timing and the potential is detected at the position 

(P after transfer . The correction potential amount grasped based 

□ on the in-machine humidity and the photoconductor drum film 

ry 

□ thickness previously measured is added to the detected potential 

Q 

□ and it is made possible to detect the potential on the 

ru 

photoconductor drum surface which is the same as the developing 
device position. 

Feedback control is applied based on the corrected 
potential detection value, whereby the potential of the latent 
image formed on the photoconductor drum is kept stable as time 
goes by, the thickness of the photosensitive layer of the 
photoconductor drum is detected, the developing electric field 
is controlled based on the detected information, and change 
over time, caused by the thickness of the photosensitive layer 
is also eliminated. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

FIG . 1 is a drawing to schematically represent the cross 
section of an image formation apparatus according to a first 
embodiment of the invention; 

FIG . 2 is a flowchart of developing bias control to detect 
a potential after transfer in the first embodiment of the 
invention; 

FIG. 3 is a drawing to show the light response 
characteristic of a photoconductor drum in the first embodiment 
of the invention; 

FIG. 4 is a drawing to show the toner covering percentage 
and potential sensor detection error in the first embodiment 
of the invention; 

FIG. 5 is a drawing to show the relationship between the 
background potential difference and carrier fly in the first 
embodiment of the invention; 

FIG. 6 is a drawing to show a toner developing area on 
the photoconductor drum when carrier fly does not occur in the 
first embodiment of the invention; 

FIG. 7 is a schematic drawing to show the timing of 
developing bias avoidance of a developing device having one 
developing roll in the first embodiment of the invention; 

FIG. 8 is a flowchart of humidity detection in the first 
embodiment of the invention; 



FIG . 9 shows surface potentials at the developing position 
and the position after transfer in the first embodiment of the 
invention; 

FIG . 10 is a drawing to show the dark attenuation 
characteristic of the photoconductor drum depending on the 
humidity in the first embodiment of the invention; 

FIG. 11 is a drawing to show the dark attenuation 
characteristic of the photoconductor drum depending on the film 
thickness in the first embodiment of the invention; 

FIG. 12 is a matrix table in a dark attenuation storage 
section in the first embodiment of the invention; 

FIG. 13 is a flowchart of calculating the potential at 
the developingposition in the first embodiment of the invention; 

FIG. 14 is a flowchart of calculating the surface charge 
density of the photoconductor drum in the first embodiment of 
the invention; 

FIG. 15 is a drawing to show the relationship between 
the surface charge density and the background potential 
depending on the film thickness of the photoconductor body in 
the first embodiment of the invention; 

FIG . 16 is a schematic drawing to show developing bias 
avoidance timings of a developing device having two developing 
rolls in a second embodiment of the invention; 

FIG . 17 is a flowchart of auxiliary light exposure control 
in a third embodiment of the invention; 
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FIG. 18 is a drawing to show the light response 
characteristic of the initial state and degradation state of 
a photoconductor drum 1 in the third embodiment of the invention; 

FIGS . 19A and 19B show examples of potential and electric 
field distributions of a latent image of the photoconductor 
drum 1 in the third embodiment of the invention; and 

FIG. 20 is a drawing to show the potential distribution 
on the surface of the photoconductor drum 1 at the developing 
time when the peripheral electric field is controlled in the 
third embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the accompanying drawings, there are 
shown preferred embodiments of image formation apparatus of 
the invention. 
<First embodiment> 

First, a first embodiment of the invention will be 
discussed with reference to FIGS. 1 to 12. 

FIG. 1 is a drawing to schematically represent the cross 
section of an image formation apparatus of the first embodiment . 
Numeral 1 denotes a photoconductor drum, numeral 2 denotes a 
charger, numeral 3 denotes a developing device, numeral 4 denotes 
record paper, numeral 5 denotes a transfer device, numeral 6 
denotes a fuser, numeral 7 denotes a cleaner, numeral 8 denotes 
a light exposure unit, and numeral 9 denotes light exposure 



control means. Numeral 10 denotes a potential sensor for 
detecting the potential of an image area after transfer. 
Numeral 11 denotes a charge density counter, numeral 12 denotes 
a humidity computation section, and numeral 13 denotes a 
temperature and humidity sensor. Numeral 14 denotes a dark 
attenuation storage section for storing dark attenuation 

potential amount p. Numeral 15 denotes a developing point 
potential calculation section for extracting the dark 

attenuation potential amount p from the dark attenuation storage 
section 14 and adding the potential amount to the potential 
detected by the potential sensor 10, thereby calculating the 
potential on the photoconductor surface at the developing 
position and reproducing the potential for controlling the light 
exposure unit 8 through the light exposure control means 9. 
Numeral 16 denotes a developing bias control section for 
performing developing bias control todetect the potential after 
transfer . 

In the image formation apparatus of the embodiment in 
FIG. 1, on the surface of the photoconductor drum 1 charged 
uniformly by the charger 2, an electrostatic latent image is 
formed by the light exposure unit 8 made up of a semiconductor 
laser whose light emission is controlled by the light exposure 
control means 9 implemented as a laser driver, etc., and an 
optical system. After this, toner is developed by the 
developing device 3. The toner developed on the surface of 



the photoconductor drum 1 is transferred to the record paper 
4 by the transfer device 5. After this, the transferred toner 
image is heated and fused by the fuser 6 and is fixed on the 
record paper 4 . The toner untransf erred and left on the surface 
of the photoconductor drum 1 is collected by the cleaner 7 and 
the process is now complete. 

M In the image formation apparatus of the embodiment, the 

P 

P potential on the surface of the photoconductor drum 1 is detected 

m 

Nj by the potential sensor 10 and the dark attenuation potential 

\$ 
m 

jjp amount P is added to potential detection value V r2 ' and the light 

' exposure amount of the light exposure unit 8 can be adjusted 

pj by the light exposure control means 9 based on corrected 

r'l detection value- (|V r2 'l+P). The charge density on the surf ace 

rij 

of the photoconductor drum 1 can be counted by the charge density 
counter 11 and the light exposure amount of the light exposure 
unit 8 can be adjusted by the light exposure control means 9 
based on the count. 

rJext, a potential detection method at the post-transfer 
position will be discussed by taking detection of middle 
potential V r2 between latent image potential V rl and developing 
bias V b as an example. 

First, FIG. 3 is a drawing to show the light response 
characteristic of the photoconductor drum 1. Horizontal axis 
E indicates the light exposure amount in terms of light energy 
input to the photoconductor drum 1. Vertical axis indicates 
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the potential of the photoconductor drum 1 at a given time after 
light exposure. The time after light exposure is set equal 
to the time required from the light exposure to developing of 
the image formation apparatus . V 0 on the vertical axisindicates 
the background potential in developing . In the image formation 
apparatus, two steps of light exposure amounts Ei and E 2 are 
provided by the light exposure control means 9. V r i on the 
vertical axis means the potential of the photoconductor drum 
1 corresponding to the light exposure amount Ei and V r2 means 

-4 

III the potential of the photoconductor drum 1 corresponding to 

lift 

the light exposure amount E 2 . V b means the bias potential of 
the developing device and V b -V r i and V b - V r2 are developing 



□ 

M 



o 



ru 



k potential differences. The light exposure control means 9 



controls so as to use V b -V ri as the developing potential for 
a wide solid area (solid image) and use V b - V r2 as the developing 
potential for line images and dots where the electric field 
peripheral effect acts strongly. 

Next, FIG. 2 is a flowchart of developing bias control 
of the light exposure control means 9 to detect the potential 
after transfer . First, the developing bias is set to V b (S202) 
and further arrival at the developingpoint is determined (S204) . 
When the time after arriving at the developing point (=tl + 
Act) is reached (S206) , the developing bias is set to developing 
bias after avoidance, V b ' , (S208) and photoconductor potential 
is detected (S210) . After this, the developing bias is restored 
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to V b (S212 and S214) . 

The latent image potential V r i of the middle potential 
V r2 formed on the photoconductor drum 1 by the light exposure 
unit 8 develops toner on the photoconductor drum 1 according 
to the developing bias V b and consequently attempts to become 
a potential to the same extent as the developing bias V b . In 
short, the potential on the surface of the photoconductor drum 
1 is determined matching the level of the developing bias V b . 
Therefore, in the developing device 3 in the embodiment, to 
detect the middle potential V r2 (S210) , the developing bias is 
avoided in the direction of not developing toner on the surface 
of the photoconductor drum 1 (S208) . 

Next, FIG . 4 plots the toner covering percentage of the 
photoconductor drum surface on the horizontal axis and detection 
error of the potential sensor on the vertical axis. In the 
embodiment, the developing bias is set so that the toner covering 
percentage of the photoconductor drum surface becomes 0.7% or 
less as a condition under which the detection value of the 
.potential sensor 10 is not affected by toner developing. 

FIG. 5 is a drawing to represent the number of carrier 
flies occurring accompanying developing bias avoidance. The 
horizontal axis indicates the background potential difference 
and the horizontal axis indicates the number of carrier flies 
at the time . When the dual-component developing method is used 
as the developing method, if the developing bias is avoided 



when the middle potential V r2 is detected, if the post-avoided 
developing bias V b ' and the background potential are large, 
the carrier charged at the opposite polarity to that of the 
toner in the developing part is flied by the electric field 
in the photoconductor drum direction formed by the developing 
bias V b ' and the background potential. 
pi In the recording apparatus in the embodiment, the 

w 

gj post-avoided developing bias V b ' is set so that the background 

; 4 

v| potential difference satisfying the conditions that carrier 

m 

fj\ fly does not occur and that the toner covering percentage of 

£ 

□ the photoconductor drum is 0.7% or less becomes 100 V and 200 

TO 

□ v. 

m 

□ FIG. 6 shows detection value when developing bias 

rii 

avoidance is actually conducted by the light exposure control 
means 9 and potential is detected after transfer (=tl + Act) . 
The horizontal axis indicates the time and the vertical axis 
indicates the image density and the detection value of the 
potential sensor at the time. 

FIG. 7 is a drawing to schematically show the timing 
avoiding the developing bias for the developing device 3 having 
one developing roll 18 . To prevent carrier fly from occurring, 
it becomes necessary to avoid the developing bias when the 
potential to be detected V r2 passes through a developing nip 
part 17. The time from the light exposure point corresponding 
to the light exposure unit 7 to the potential passing through 
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the developing nip part 17, tl, is previously measured. When 
the potential is detected, if the developing bias V b is avoided 
to V b ' in tl after the light exposure point, the conditions 
that no carrier fly occurs and that a detection error of the 
potential sensor 10 caused by toner developing does not occur 
are satisfied. For the potential detection timing at this time, 
toner as wide as the width in the circumferential direction 
of the photoconductor drum corresponding to the total time Act 
of the falling time of the internal power supply for supplying 
the developing bias and the time corresponding to the developing 
nip width is developed on the photoconductor drum and thus the 
time is delayed and the potential is detected. 

Therefore, in the image formation apparatus of the 
embodiment, the developing bias avoidance level and timing are 
set as shown in FIG. 7, thereby making it possible to detect 
the potential by the potential sensor after transfer. 

Further, in the image formation apparatus of the 
embodiment, to reproduce the potential at the position of the 
developing device 3, a method of adding a potential correction 
amount is used. The detection value of the potential sensor 
10 described above contains the dark attenuation lowering 
component produced with the time passage after the 
photoconductor drum is exposed to light, and the potential at 
the developing time differs from the potential detection value 
after transfer. The dark attenuation characteristic of the 



photoconductor drum varies depending on the film thickness and 
humidity of the photoconductor drum. 

FIG. 8 is a flowchart of in-machine humidity detection 
processing of the light exposure control means 9 and the humidity 
computation section 12 . The humidity in the machine is detected 
by the humidity sensor (S802 to S806) and an average value of 
the in-machine humidity is calculated (S808) and the data is 
sent to the dark attenuation storage section 14 (S810) . 

The light exposure control means 9 extracts the dark 
attenuation potential amount of the photoconductor drum from 
the dark attenuation storage section 14 based on the detection 
value and adds the dark attenuation potential amount to the 
detected potential, thereby calculating the potential on the 
photoconductor drum surface at the developing position and 
reproducing the potential. 

FIG . 9 shows an example of detection values of the potential 
sensor 10 at the developing position and the transfer position. 
The photoconductor drum surface potentials at the developing 
point are plotted on the horizontal axis and the photoconductor 
drum surface potentials after transfer are plotted on the 
vertical axis. It is seen that the charge potential of the 
photoconductor drum lowers with the time to detection. This 
is the potential lowering component based on the dark attenuation 
characteristic of the photoconductor drum described above. 

FIG. 10 shows the potential lowering result of dark 
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attenuation of the photoconductor drum depending on the humidity. 
The lower the humidity of the photoconductor drum atmosphere, 
the less potential lowering caused by dark attenuation; the 
higher the humidity of the photoconductor drum atmosphere, the 
more potential lowering caused by dark attenuation. 

Further, FIG. 11 shows dark attenuation change caused 
by change in the film thickness of the photoconductor drum. 
As the film thickness of the photoconductor drum is decreased 
with an increase in the number of print sheets of paper, potential 
lowering caused by dark attenuation grows. 

From the results in FIGS. 9 to 11, it is seen that the 
dark attenuation depends on the atmosphere and the film thickness 
of the photoconductor drum. Thus, the light exposure control 
means 9 previously measures the dark attenuation potential 

amount p. In the embodiment, a method of estimating the film 
thickness by calculating the charge density on the 
photoconductor drum surface by the charge density counter 11 
as a parameter depending on the film thickness of the 
photoconductor drum is used. In the image formation apparatus 
of the embodiment, to detect the film thickness of the 
photoconductor drum, a method of estimating the film thickness 
by measuring the current flowing into the photoconductor drum 
by the charge density counter 11 is used. 

In the invention, the dark attenuation potential amount 
P is previously grasped as a matrix table based on humidities 



and surface charge densities and the matrix table of the dark 
attenuation potential amount (3 is stored in the dark attenuation 
storage section 14. 

FIG . 12 shows an example of the dark attenuation potential 

amount (3 recorded in the dark attenuation storage section 14 
in the form of the matrix table of the humidities and the surface 
charge densities. 

In the matrix table in FIG. 12, when the potential is 
detected, the humidity is detected by the humidity sensor 13 
placed in the machine and further the film thickness of the 
photoconductor drum is detected by the charge density counter 
11 . 

FIG. 13 is a flowchart of processing of calculating the 
potential on the photoconductor drum surface at the developing 
position by the light exposure control means 9. First, the 
light exposure amount is set (S1302) . Next, the photoconductor 
drum is exposed to light and the potential on the photoconductor 
drum surface is detected by the potential sensor (S1304) . The 
correction potential amount, namely, the dark attenuation 

potential amount P is fetched from the matrix table shown in 
FIG. 12 (S1306) . Further, the potential at the developing 
device position is calculated (S1308) and if the calculated 
potential is in the range of the target potential ±5 V (S1310) , 
data is sent to the light exposure control means 9 and the light 
exposure amount is determined (S1312) . If the calculated 



20 



I 



potential is not in the range of the target potential ±5 V, 
the process is again executed starting at setting the light 
exposure amount. 

Next, calculation of the surface charge density of the 
photoconductor drum by the light exposure control means 9 will 
be discussed with reference to FIGS. 14 and 15. FIG. 14 is 

H 

t"l a flowchart of processing of calculating the surface charge 

P 

CP density of the photoconductor drum. FIG. 15 is a drawing to 

H 

\l show the relationship between the surface charge density of 

m 

CP the photoconductor drum and the background potential V 0 with 

□ the film thickness of the photosensitive layer as a parameter. 

ru 

P If the surface charge density and the background potential are 

m 

W known, the film thickness of the photosensitive layer is found. 

ru 

If a scorotron charger is used in the image formation 
apparatus of the embodiment, the film thickness of the 
photosensitive layer can also be determined in a similar manner . 
At the time, however, the charge density counter 11 counts the 
value of the current flowing into the photoconductor drum 1 
and thus counts the current value so as to subtract the current 
flowing into a grid and a shield from the current input to wire. 

In FIG . 14, the light exposure controlmeans 9 first charges 
the photoconductor drum 1 to -500 V (S1402 ) . The image formation 
apparatus of the embodiment uses a corotron-type charger as 
the charger 2. The difference between the current input to 
the wire of the charger 2 and the current flowing into the shield 

21 



is counted by the charge density counter 11 (S1404 to S1408) . 
The count is the value of the current flowing into the 
photoconductor drum 1 and is a value proportional to the surface 
charge density and can be used to calculate the surface charge 
density (S1410) . On the other hand, the background potential 
at the time is detected by the potential sensor and the film 
thickness of the photosensitive layer is calculated from the 
two values. The data is recorded and retained in the dark 
attenuation storage section 14 (S1412) . 
<Second embodiment> 

Next, a second embodiment of the invention will be 
discussed by taking a developing device having two or more 
developing rolls as an example with reference to FIG. 16. 

If two or more developing biases are avoided at the same 
time, considering the above-described carrier fly, toner is 
developed on a photoconductor drum based on the developing 
potential difference for one developing roll by distance Ad 
between developing nips. If the number of developing rolls 
becomes N, the developed toner area is developed in the range 
of (N-l) X Ad in the circumferential direction of the 
photoconductor drum. Thus, it is easily estimated that an 
enormous potential detection area will become necessary with 
an increase in the number of developing rolls. To avoid this 
disadvantage, in the second embodiment, for the developing 
devices having two or more developing rolls, the developing 
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biases are avoided in order starting at the upstream developing 
roll toward the rotation direction of the photoconductor drum 
at developing bias avoiding timings tl and t2 . Accordingly, 
it is made possible to detect the potential in developing the 
same area as the recording apparatus described in the first 
embodiment . 

FIG . 16 shows the developing device having two developing 
rolls as a specific example, but a similar method is used if 
the developing device has three or more developing rolls. The 
potential level of the developing bias after avoidance and the 
developing bias avoidance timing are similar to those in the 
first embodiment. Further, computation of correction 
potential amount based on dark attenuation of the photoconductor 
drum is also similar to that in the first embodiment. 
<Third embodiment> 

Next, a third embodiment of the invention will be discussed. 
First, varying of an electrostatic latent image on the surface 
of a photoconductor drum with time will be discussed. When 
the photoconductor drum is degraded as the print amount grows, 
the charge area potential {charge potential) lowers and it 
becomes hard to charge. Therefore, background potential V 0 
lowers. On the other hand, the discharge area potential 
{discharge potential) rises and it becomes hard to discharge. 
Lowering the discharge performance is remarkable if an 
intermediate potential area with incomplete discharge with an 
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insufficient exposure light amount given is provided. 

In the embodiment, middle potential V r2 is applied. The 
described potential change acts in the direction of lowering 
the developing electric field to lessen the developing potential 
difference. On the other hand, in addition to the 
characteristic, the thickness of the photosensitive layer of 
the photoconductor drum decreases due to wear as the print amount 
grows . The decrease in the film thickness acts in the direction 
of increasing the developing electric field. Decrease in the 
developing electric field caused by decrease in the developing 
potential difference applies to both the peripheral electric 
field and internal parallel electric field. However, the 
latter increase in the developing electric field caused by the 
decrease in the film thickness applies only to the peripheral 
electric field. The image for which the two mutually 
contradictory tendencies are a problem is a line image, dots, 
or the edge part of a solid area where the developing electric 
field is affected by the peripheral effect. Which of the two 
mutually contradictory tendencies is superior varies depending 
on the printing apparatus, the print history, etc. This means 
that although the developing performance changes with time and 
the image quality changes accordingly, the change manner varies 
from one printing apparatus to another or depending on the print 
history, etc., if the apparatus are of the same configuration. 

FIG. 17 is a flowchart of auxiliary light exposure control 
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in the third embodiment of the invention . First, film thickness 
detection value (=surface charge density) is fetched 
periodically (S1702) . If the absolute value of the preceding 
charge density + 0.01 uC/cm 2 is less than the absolute value 
of calculated charge density (S1704), auxiliary light exposure 
laser power is strengthened several uW (S1706) . 

^ i, FIG. 18 shows the relationship between light exposure 

>«'«. 

p amount E in image formation apparatus undergoing auxiliary light 

m 

Sl exposure control and the surface potential of photoconductor 

SI 

IP- drum 1 in the embodiment. Like FIG. 3, FIG. 18 is a drawing 

cn 

s to show the light response characteristic of the photoconductor 

□ 

drum 1 and shows two states of an initial state 19 and a state 

P 

pj 20 close to the life as degradation advances. According to 

fy the embodiment, V 0 lowers due to degradation, but stays within 

the range of small effect on the image quality. It is seen 
that potential (V r2 ) corresponding to E 2 is more affected by 
degradation as compared with potential (V ri ) corresponding to 
Ei. Therefore, in the image formation apparatus of the 
embodiment, the light exposure amount E 2 is controlled so that 
the light exposure amount E 2 is varied for keeping the surface 
potential V r2 of the photoconductor drum 1 constant. 

FIGS . 19A and 19B show examples of potential and electric 
field distributions of a latent image of the photoconductor 
drum 1. FIG. 19A shows the potential distribution and FIG. 
19B shows the electric field distribution. As the state of 
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the photoconductor drum 1, numeral 19 denotes the initial state 
of the photoconductor drum 1 with the light exposure amount 
E 2 not controlled and numeral 20 denotes the degradation state 
of the photoconductor drum 1 with the light exposure amount 
E 2 not controlled. As previously described with reference to 
FIG. 18, as the photoconductor drum 1 is degraded, V 0 lowers 
and V r2 rises and the developing potential lowers, but as the 
film thickness of the photosensitive layer of the photoconductor 
drum 1 lowers, the developing electric field corresponding to 
the developing potential increases. 

Numeral 21 in FIG. 19B shows the electric field 
distribution when V r2 is controlled constant. It is seen that 
the developing electric field increases more remarkably . FIGS . 
19A and 19B show the case where the developing electric field 
increases if V r2 is not controlled constant; if the degradation 
state of the photoconductor drum 1 differs, the developing 
electric field may lower. In any case, if V r2 is controlled 
constant, only the effect caused by decrease in the film 
thickness is received and thus the developing electric field 
increases . 

The reason is that the electric field is affected by the 
two independent factors of the potential difference and the 
film thickness, as described above. Therefore, to keep the 
image quality stably as time goes by, it becomes necessary to 
control both the potential and the electric field constant. 
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To control the potential constant, the potential at the 
developing point is calculated from the detection value of 
potential sensor 10 and the light exposure amount of light 
exposure unit 8 is adjusted by light exposure control means 
9 based on the calculation value according to the method shown 
in the first embodiment. On the other hand, to control the 
La . e electric field constant, first the strength of the electric 

field needs to be known. The strength of the electric field 

m 

\j is determined by the photoconductor drum film thickness as 

SI 

n\ described above. In the image formation apparatus of the 

m 

2 embodiment, the film thickness detection method described in 

0 

ft! the first embodiment is used as the detection method of change 

P 

ft) in the electric field strength based on the film thickness. 

□ 

fll FIG. 20 is a drawing to show the potential distribution 

on the surface of the photoconductor drum 1 at the developing 
time when the control of weakening the peripheral electric field 
described above is performed. The light exposure amount is 
dropped corresponding to the image surrounding, positions so 
that the slight stepwise potential distribution indicated by 
a in the figure is provided in the periphery of an image. Light 
exposure to produce the stepwise distribution is called 
auxiliary light exposure. Steep change in the potential in 
the periphery of the image is prevented by the auxiliary light 
exposure and consequently the peripheral electric field is 
weakened. The dot density of the recording apparatus is 600 
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dots/inch. An image signal is input to memory before light 
exposure and all image peripheries are detected by a pattern 
matching method and the auxiliary light exposure is applied 
to two dots of the periphery of the image. The internal table 
of the light exposure control means 9 described above is prepared 
according to the relationship between the film thickness of 
the photosensitive layer detected and the auxiliary light 
exposure amount, and the strength of the auxiliary light exposure 
is determined by the film thickness of the photosensitive layer . 

According to the embodiment described above , particularly 
the potential (V r2 ) of a line image part using unstable middle 
potential becomes constant as time goes by, and a rise in the 
peripheral electric field is also suppressed, so that stable 
image quality can be provided as time goes by. 

As described above, according to the invention, the 
potential sensor is placed at the position after transfer and 
the potential on the photoconductor drum surface is detected. 
When the potential is detected, the toner covering percentage 
of the image area on the photoconductor drum is lowered, so 
that flexibility of photoconductor material and print process 
design can be enlarged. 

The potential on the photoconductor drum surface is 
detected and feedback control is applied, whereby the developing 
potential on the photoconductor drum surface is kept stable 
as time goes by, the film thickness of the photoconductor drum 
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is detected by the detection means, and the electric field in 
the periphery of the image is controlled to be stable based 
on the detected information/ so that a print control method 
can be provided for keeping the image quality stable as time 
goes by if degradation of the photoconductor drum or a decrease 
in the film thickness occurs. 



